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A b s t r a c t  : T h i s  a r t i c l e  d e s c r i b e s  t h e  r e s u l t s  o f  t h e  s t u d y  o f  s o l i d  p h a s e s  o n  t h e  b a s i s  o f  
X - r a y  d i f f r a c t i o n  p a t t e r n s  o b t a i n e d  f r o m  n i o n o d o m i a n  a n d  p o w d e r  s a m p l e s  o f  f o u r  m c s o g e n i c  
m e m b e r s  o f  t h e  h o m o l o g o u s  s e n e s  n - a l k o x y  c y a n  o b i  p h e n y l .  T h e  c r y s t a l  w a s  m e l t e d  t o  s m e c t i c  
p h a s e  a n d  c o o l e d  d o w n  t o  t h e  r o o m  t e m p e r a t u r e .  D i f f r a c t i o n  p h o t o g r a p h s  w e r e  t a k e n  a t  t h i s  s t a g e  
f o r  a l l  c o m p o u n d s  a n d  d  s p a c i n g s  w e r e  c a l c u l a t e d .  T h e  c e l l  d i m e n s i o n s  a n d  t h e  .sp a c e  g r o u p s  o f  t h e  
f o u r  c o m p o u n d s  w e r e  d e t e r m i n e d .  T h e  c e l l  p a r a m e t e r ,  c i s  f o u n d  t o  b e  m u c h  d i f f e r e n t  f r o m  t h o s e  
o b t a i n e d  f r o m  X R D  d a t a  o f  p o w d e r  s a m p l e s .
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1. Introduction
The molecular arrangement in the crystalline state is one of the factors which sometimes 
predetermines the properties in the liquid crystalline state. Much emphasis is placed on the 
study of the solid phases of mesomorphic compounds. X-ray diffraction and optical studies 
of four mesogenic members of the homologous series 4'-alkoxy-4-cyano-biphenyls (nOCB 
in short, n = 9-12) have been done in our laboratory [ 1,2], We have undertaken the study of 
these compounds in solid phases. Single crystals of good quality could not be obtained for 
90CB and lOOCB for structural investigation. Analysis of crystal structures of I lOCB and 
120CB using single crystals, showed that the molecular arrangement is highly disordered in 
both the crystals [3]. To get some idea about the solid phase. X-ray diffraction study of the 
powder samples was undertaken. Since the transition temperatures of the compounds as 
observed by us, were the same as the literature values, we did not recrystallise the samples
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any f urther. These samples were powdered to have X-ray diffraction photographs. The lattice 
parameters determined from powder patterns did not agree with those obtained from-crystal
data.
A mono-liquid crystal sometimes provides much more information about the phase 
transition. We therefore, heated the single crystals to smectic phase and X-ray diffraction 
photographs were taken. Because these compounds have smectic-A phase only, diffraction 
study did not supply any information to explain the relationship of the molecules in the solid 
and mesomorphic phases. We then decided to heat the single crystals of these compounds to 
smectic phase and cool it down to solid phase to investigate whether there is any metastable 
phase of any other solid phase involved in this transition as suggested by Doucet et at [4].
The transition temperatures (°C) of the four compounds of the series Q,H2„+i-0- 
(^0- CN {n = 9-12) as determined by different experimental techniques are given below :
(i) 90CB : K
(ii) l()OCB:K
(iii) 110CB:K
64
- 4 3
5 9  5
-> Sm A 7 7  5 -> N 8 0 I
Sm A 8 4
- 4 6
71 5
(iv) 120CB:K > SmA
- 5 5
7 0_j__
^^5
Sm A 87  5
1
 ^ I
9 0 ^ I
2. Experimental procedure
A nickel filtered CuKa X-ray beam was diffracted by the single crystal in a glass capillary 
which was held at a constant temperature in an oven oriented on a goniometer head, placed on 
a Carl Zeiss Universal camera. The diffraction data was collected on a flat film placed behind 
the sample. By raising the temperature gradually, the crystal was melted to smectic phase. 
The smectic melt was then cooled down to the room temperature and diffraction photographs 
were taken (Figures 1,2). In our set up, the capillary could be rotated around its texture axis. 
Photograph of the solid phase was also taken by rotating the capillary through 90®. The same 
procedure was followed for all the compounds. J-spacings of different diffraction maxima 
were determined by using a Carl Zeiss Microdensitometer (MD 100). Powder diffraction data 
were obtained by using a diffractometer at Bhabha Atomic Research Centre, Bombay.
3 .  R e su lts  an d  d is c u ss io n
Figures I and 2 show non-uniform Debye rings which can be taken as a conclusive evidence 
for preferred orientation. The specimens have imperfect fibre textures which may be due to 
the solid growth conditions such as temperature gradient, wall anchoring. When the capillary 
is rotated through 90°, we have continuous Debye rings. The d-values are given in Table 1. 
The cell dimensions and the space group of the four compounds were determined from this 
solid phase using the program PPLP of the NRCVAX package of White [5]. The trial cell
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Figure 2. X-ray diffraction photograph of the sample 120CB
dimensions were given on the basis of the single crystal data of llOCB and 120CB [3]. For 
90CB and lOOCB the observed diffraction lines have been indexed unambiguously. All
Table 1 . Bragg angles (^) and ^ spacings of diffraction photographs
Inner diffraction pattern
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Sample
90CB
lOOCB
11()CB
12CXTB
Outer diffraction panem
Serial
no.
0
(degree)
dA Senalno e(degree) dA
1 9.78 4 54
2 10 56 4.21
could not be obtained 3 1) 71 3.80
4 11 90 .V74
5 1400 3 19
1 2.76 160 1 9 99 444
2 421 10.50 2 10.89 4.08
3 5.71 7.75 3 11.59 3 84
4 12.33 3.61
5 13 03 3 42
1 9.00 4 93
2 4.26 10 43
could not be obtained 3 3 83 II 61
> 4 12 42 3 59
5 13.11 3 40
i 2.95 15.00 1 10.29 4 32
2 3.95 11 21 2 10 84 4 10
3 4 99 8.87 3 12.37 .3 60
4 6.23 7 11 4 12 74 3 50
5 7.34 6 04 5 13.30 3 35
the crystals belong to monoclinic system having the space group P 21/<3. Miller indices with 
the observed diffraction lines alongwith CcaJc are given in Table 2 where Chki =
— and/J-values are given in Table 3. Though not too many lines are
Table 2. Miller indices of the diffraction lines along with the and Qcajj; 
values for the four samples.
Aalc h k / Qcek Qdb, DQ
4.542 - 2 0 3
90CB
.04846 .04855 8
4.203 - 1 1 4 .05660 05651 8
3.799 0 1 5 .06928 06931 2
3.739 0 2 0 .07153 07155 2
3 186 -3 1 2 09851 09848 2
15.540 0 0 2
lOOCB
.00414 .00391 23
10.360 0 0 3 .00932 .00907 25
- 7.770 0 0 4 .01657 .01665 7
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Table 2. (Contd^)
/^ cak: Qdts OQ
4444 
4 080 
3.837 
3.610 
3.421
4 930 
4.268 
3.826 
3.584
3 398
14.820
II no
8 890 
7 no 
6 040 
4.314
4 101 
3 599 
3 497 
3 351
2
2
2
0
0
I
1 
1
0
2
0
0
U
00
1
1
0
0
- I
1
3
4 
0 
8
1
5 
7 
0
2
3
4
5 
1
4
5
6 
0 
3
10
nocB
I20CB
.05064
06008
,06791
07674
.08547
.04111
.05489
06832
07785
08659
.00455
.00810
01265
01981
02740
.05372
.05946
07721
08176
.08905
.05064
.06007
.06792
.07673
.08550
.04118
.05489
.06832
.07784
.08657
.00444
.t)0796
.01271
.01978
02743
.05369
05949
.07714
.08183
.08905
0
0
0
0
3
6
0
0
1
1
10
13
6
2
2
3
2
7
7
0
observed, the reliability factor M20 value indicates that the assignment of Millei*indices lo 
diffraction lines are reasonable. Unit cell dimensions combined with determined density,
Table 3. Lattice constants in solid phases obtained by slowly cooling the smectic melt of 
the single crystals at room temperature. Space group is P2]/a.
Cell consts 90CB lOOCB IICXTB 120CBa (A) 10.888 ± .012 9.041 ± 020 6.914 1 .031 6.920 ± .022b (A) 7 478 ± .008 7 220± 016 7 168 ± .032 7.198 ± .023
c (A) 22 124 ± .024 31.099 ± .067 42.814 ± .194 44.470 ± .142P (deg.) 94.573 ± 074 92.336 ± 160 91.430 ± .208 91 542 ± .059
indicate that there are four molecules per unit cell. The calculated and measured density values 
are given in Table 4.
Tabic 4. Experimental and calculated density values in the solid phase obtained 
by slowly cooling the smectic melt of the-single crystals at room temperature.
Samples Experimental density 
values (gm./c c)
Calculated density 
values (gm./c.c)
9Ck :b 1 103 1.189
lOOCB 1.090 1.098
IlOCB 1.088 1.094
I20CB 1.053 1 090
XRD data for powder samples were also indexed by using the same program, PPLP. 
Miller indices, Qcaic Qdx values of these diffraction lines are given in Table 5. The space
Table 5. Miller indices of the diffraction lines along with the and values
for the four samples obtained from XRD data.
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c^alc h k 1 Gcalc fijbs DQ
90CB
30.370 0 0 1 .00108 00109 0
15 190 0 0 2 00430 00432 2
6.680 0 1 2 .02243 .02314 70
4 850 - 1 1 3 .04248 .04263 15
4 485 - 1 1 4 .04972 .04961 11
3.995 2 0 0 .06250 06264 0
3.717 0 2 0 07239 .07221 17
3 381 0 1 8 .08748 .08744 3
lOOCB
33 510 0 0 1 00089 00090 1
16 750 0 0 2 00356 00363 6
11 170 0 0 3 00802 .00814 11
8 380 0 0 4 '01425 .01417 8
5 580 0 0 6 (53207 03208 1
4.695 1 1 3 .01536 04565 28
4.353 1 1 4 .05277 05264 12
4018 1 1 5 06195 .06181 13
3.670 0 2 0 .07424 .07424 0
3 373 2 1 2 .08792 08790 1
2 112 3 1 7 22427 .22426 0
2 400 2 0 10 .17357 .17359 2
llOCB
35 3.30 0 0 1 .00080 .00079 1
17.660 0 0 2 .00320 .00304 16
11 780 0 0 3 .00721 .00734 13
8.830 0 0 4 .01282 .01246 35
5 890 0 0 6 .02884 .02895 10
4 6.38 - 1 1 4 .04649 .04668 18
4.318 - 1 1 5 .05364 .05364 0
4.039 2 0 0 .06130 .06140 9
3.666 0 2 0 .07440 .07439 1
3.395 -2 1 3 .08673 .08660 13
3.140 2 0 7 .10143 .10143 0
120CB
38.570 0 0 1 .00067 .00068 0
19.280 0 0 2 .00269 .00273 3
12.860 0 0 3 .00605 ,00614 8
9.640 0 0 4 .01076 .01065 11
‘ 5.190 1 1 2 .03718 .03698 19
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Table 5. (Contd)
c^aJc / &kr DQ
4.664 
4.528 
4.369 
4.056 
3 669 
3 094
.04597
.04877
05238
06079
.01^21
10447
.04572
.04862
.05264
.06085
.07424
10459
25
J4
25
5
3
12
groups and lattice parameters arc given in Table 6. We find that a. b, c and Rvalues are 
different from those obtained from single crystal melt. It is interesting to note that the XRD 
patterns of the samples and the patterns obtained by slowly cooling the smectic melt of ihe
Table 6. Lattice constants in solid phases from XRD patterns of powder samples. Space 
group IS P2,/a
Cell consls 90CB lOOCB ik x :b 12()CB
u (A) 7 997 ± 027 8 193 ± .016 H078 ± 016 8 125 ± -025
b (A) 7 433 ± 025 7 340± 015 7 3.33 ± 0 1 4 7 339 ± 023
c (A) 30.398 ± .104 33 933 + 068 35 330 ± .070 38 627 ± 120
p (tlcg ) 92 405 ± .282 98 539 ± .098 90 522 ± .052 93 240 ± j093
powder samples are exactly the same. It is thus clear that the conditions under which the solid 
phase is formed, play an important role in determining the unit cell dimensions [6J.
Data produced by the technique employed here are sufficient to determine the unit cell 
dimensions and the number of molecules per unit cell. However, they arc not sufficiently 
accurate or numerous to allow precise information to be drawn about the distribution ol 
molecules within the unit cell.
The c-values detennined from XRD patterns are almost equal to the layer thickness ol 
smectic phases of the samples. The bimolccular association which exists in the smectic phase 
is probably retained in this solid state as well, the molecular long axis being almost parallel to 
the c-axis. From the values of the unit cell dimensions as determined from our experimental 
study, it seems that there may be dimer formations, but molecular conformations and crystal 
packings are quite different. We expected to get some features of the structures of the liquid 
crystal state to be incorporated in the solid state from which the liquid crystal state originates 
But we failed to get any such information because all the compounds under the present 
investigation have smectic-A phase only.
X-ray patterns show some odd-even effect in their appearance at lower angles (Figures 
1 and 2). For the even members of the series, several sharp diffraction maxima in the form ol
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arcs are observed in the meridional direction. For odd members, these lower angle patterns 
are absent. Odd-even elfect for these comptrunds have also been observed in the orientational 
order parameter values determined by Mitra etal 11 ].
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